Merr] collected from Harbin, Heilongjiang Province, China, and characterized using a polyphasic approach. The strain was an aerobic, Gram-stain-positive actinomycete that formed extensively branched substrate mycelium and aerial hyphae. The predominant menaquinones were MK-9(H 2 ) and MK-9(H 0 ). The major cellular fatty acid profile consisted of iso-C 16 : 0 , 10-methyl C 17 : 0 and 10-methyl C 18 : 0 . The polar lipid profile consisted of diphosphatidylglycerol, phosphatidylethanolamine, hydroxy-phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannoside, phosphatidylglycerol and glycolipid. The DNA G+C content was 68.2±0.4 mol%. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain NEAU-BB2C19 T should be assigned to the genus Nonomuraea and formed a distinct branch with its closest neighbour
dried for 24 h at room temperature and then washed in water with an ultrasonic step (160 W, 15 min) to completely remove surface soil and adherent epiphytes. After drying, the sample was cut into pieces 5-10 mm in length and then subjected to a seven-step surface sterilization procedure: a 60 s wash in sterile tap water containing cycloheximide (100 mg l À1 ) and nalidixic acid (20 mg l
À1
), followed by a wash in sterile water, a 5 min wash in 5 % (v/v) NaClO, a 10 min wash in 2.5 % (w/v) Na 2 S 2 O 3 , a 5 min wash in 75 % (v/v) ethanol, a wash in sterile water and a final rinse in 10 % (w/v) NaHCO 3 for 10 min, and then the rinsed root sample was dried at 100 C for 15 min. Subsequently, the sample was cut up in a commercial blender and ground with a mortar and pestle, employing 1 ml of 0.5 M potassium phosphate buffer (pH 7.0) per 100 mg of tissue. Tissue particles were allowed to settle at 4 C for 20-30 min, and the supernatant was spread on a plate of cellulose-proline agar [CPA, which contained (g l À1 distilled water): cellulose 2.5, sodium pyruvate 2.0, KNO 3 Morphological properties were observed by light microscopy (ECLIPSE E200; Nikon) and scanning electron microscopy (SU8010; Hitachi) using cultures grown on ISP 3 agar at 28 C for 28 days. Cultural characteristics were determined after 14 days at 28 C using ISP media 1-7 [17] , nutrient agar (NA) [18] , Czapek's agar (CA) [19] and Bennett's agar (MBA) [20] . ISCC-NBS colour charts [21] were used to determine colours of substrate and aerial mycelia. Growth at different temperatures (4, 10, 15, 20, 28, 35, 37 and 41 C) was determined on ISP 3 medium after incubation for 14 days. Growth tests for pH range (pH 4, 5, 6, 7, 8, 9, 10, 11 and 12) and NaCl tolerance (0, 1, 2, 3, 4, 5 and 6 %, w/v) were done in GY medium at 28 C for 14 days on a rotary shaker. Hydrolysis of Tweens (20, 40 and 80) and production of catalase and urease were tested as described by Smibert and Krieg [22] . The utilization of sole carbon and nitrogen sources, decomposition of cellulose, hydrolysis of starch and aesculin, reduction of nitrate, peptonization of milk, liquefaction of gelatin and production of H 2 S were examined as described previously [23, 24] .
Morphological observation of a 4-week culture of strain NEAU-BB2C19
T grown on ISP 3 medium revealed that the strain formed extensively branched substrate and aerial mycelia without fragmentation. Spiral spore chains of strain NEAU-BB2C19
T were composed of 14-16 non-motile spores (0.82Â1.00 µm) with a wrinkled surface that were borne directly on aerial mycelia (Fig. 1 ). Sporangia were not formed. Good growth was observed on ISP 2, ISP 3, ISP 4, ISP 5, ISP 7, NA and MBA media, and moderate growth on ISP 1, ISP 6 and CA media. The colours of aerial mycelium and substrate mycelium on ISP 3 medium were white and vivid yellow, respectively (Table S1 , Fig. S1 , available in the online version of this article). No diffusible pigments or melanin were observed on any of the tested media. Strain NEAU-BB2C19
T grew at a temperature range of 10-37 C (optimum 28 C), pH 7-9 (optimum 7-8) and NaCl concentrations of 0-4 % (w/v). Detailed physiological characteristics are presented in the species description and Table 1 .
Biomass for chemical studies was prepared by growing the strain in GY broth [25] in shake flasks at 28 C for 7 days. The isomer of diaminopimelic acid in the cell wall was determined according to McKerrow et al. [26] and analysed by HPLC using an Agilent TC-C18 column (250Â4.6 mm, i.d. 5 µm). The whole-cell sugars were analysed according to the procedures developed by Lechevalier and Lechevalier [27] . Polar lipids in cells were examined by two-dimensional TLC and identified using the method of Minnikin et al. [28] . Menaquinones were extracted from freeze-dried biomass, purified according to Collins [29] and analysed by a HPLC-UV method as described previously [30] . To determine cellular fatty acid compositions, strain NEAU-BB2C19 T was cultivated in ISP 2 broth for 5 days in shake flasks at 28 C. Fatty acid methyl esters were extracted from the biomass as described by Gao et al. [31] and analysed by GC-MS using the method of Xiang et al. [32] .
Strain NEAU-BB2C19
T was found to exhibit a range of chemotaxonomic properties that are typical of members of the genus Nonomuraea. We found meso-diaminopimelic acid as the cell-wall diamino acid and whole-cell sugars included galactose and madurose. The polar lipid profile consisted of diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine, phosphatidylinositol mannoside, phosphatidylinositol, phosphatidylglycerol and glycolipid. (Fig. S2 ). The menaquinones detected were MK-9(H 2 ) (51.7 %), MK-9(H 0 ) (39.9 %) and MK-8(H 4 ) (8.4 %), while those of Nonomuraea guangzhouensis NEAU-ZJ3 T were MK-9(H 4 ) (37.5 %), MK-9(H 2 ) (33.3 %) and MK-9(H 0 ) (21.7 %); MK-8(H 4 ) (7.5 %) was also present [33] . The cellular fatty acid profile was composed of iso-C 16 : 0 (27.3 %), 10-methyl C 17 : 0 (17.6 %), 10-methyl C 18 : 0 (10.7 %), C 16 : 0 (8.3 %), C 17 : 1 !7c (6.4 %), C 17 : 0 (5.0 %), C 18 : 0 (4.2 %), C 18 : 1 !7c (4.1 %), C 15 : 0 (3.5 %), 10-methyl C 16 : 0 (3.8 %), anteiso-C 17 : 0 (2.9 %), iso-C 15 : 0 (2.0 %) and C 16 : 1 !7c (1.9 %).
Extraction of chromosomal DNA and PCR amplification of the 16S rRNA gene sequence were carried out using the methods of Kim et al. [34] . The PCR product was purified and cloned into the vector pMD19-T (Takara) and sequenced using an Applied Biosystems DNA sequencer (model 3730XL). The almost full-length 16S rRNA gene sequence of strain NEAU-BB2C19 T (1514 bp) was obtained and aligned with multiple sequences obtained from the GenBank/EMBL/DDBJ databases using CLUSTAL X 1.83 software [35] . Phylogenetic trees were reconstructed with the neighbour-joining [36] and maximum-likelihood [37] algorithms using MEGA software version 6.06 [38] . The stability of the clades of the phylogenetic trees was assessed using the bootstrap method with 1000 replications [39] . Phylogenetic distances were calculated with the Kimura two-parameter model for the neighbour-joining method and General Time Reversible model with Invariant sites (GTR+G+I) for the maximum-likelihood method [40, 41] . In addition, a heuristic search was performed using nearest neighbour interchange branch swapping in maximum-likelihood inference. All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). 16S rRNA gene sequence similarities between strains were calculated on the basis of pairwise alignment using the EzBiocloud server [42] . The G+C content of the genomic DNA was determined using the thermal denaturation (T m ) method [43] with Escherichia coli JM109 DNA used as the control. DNA-DNA relatedness tests between the new isolate and its closest related strain were carried out as described by de Ley et al. [44] under consideration of the modifications described by Huss et al. [45] , using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in-situ temperature probe (Varian). The DNA samples used for hybridization were diluted to an OD 260 of around 1.0 using 0.1Â SSC (saline sodium citrate buffer), then sheared using a JY92-II ultrasonic cell disruptor (ultrasonic time 3 s, interval time 4 s, 90 times). The DNA renaturation rates were determined in 2Â SSC at 70 C. The experiments were performed with three 
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Nonomuraea maheshkhaliensis 16-5-14 T (AB290014)
Nonomuraea fuscirosea NEAU-dht8 T (KC417350)
Nonomuraea thermotolerans 3-33-9B T (KJ027601)
Nonomuraea fastidiosa IFO 14680 T (U48844)
Nonomuraea bangladeshensis 5-10-10 T (AB274966)
Nonomuraea wenchangensis 210417 T (FJ261959)
Nonomuraea coxensis DSM 45129 T (ARBV01000098)
Nonomuraea harbinensis NEAU-yn31 T (KC306503)
Nonomuraea ferruginea IFO 14094 T (U48845)
Nonomuraea ceibae XMU 110 T (KX024666)
Nonomuraea glycinis NEAU-BB2C19 T (KY328642)
Nonomuraea guangzhouensis NEAU-ZJ3 T (KC417349)
Nonomuraea muscovyensis FMN03 T (JN896617)
Nonomuraea indica DRQ-2 T (KM522835)
Nonomuraea rhodomycinica NR4-ASC07 T (LC082232) T (98.12 %) and Nonomuraea turkmeniaca DSM 43926 T (98.02 %). The phylogenetic tree based on 16S rRNA gene sequences showed that strain NEAU-BB2C19
T formed a phyletic line with its closest neighbour N. guangzhouensis NEAU-ZJ3
T , which was supported by a bootstrap value of 78 % in the neighbourjoining tree (Fig. 2) . The tree topology in this region was also supported by the maximum-likelihood algorithm, with a bootstrap value of 77 % (Fig. S3) . The DNA G+C content of strain NEAU-BB2C19
T was 68.2±0.4 mol%. DNA-DNA hybridization was employed to further clarify the relatedness between the new isolate and N. guangzhouensis NEAU-ZJ3
T . The level of DNA-DNA relatedness between them was 36.3±0.6 %, which was below the threshold value of 70 % recommended by Wayne et al. [46] for assignment of strains to the same genomic species.
A comparison of phenotypic characteristics between strain NEAU-BB2C19
T and its closest neighbour, N. guangzhouensis NEAU-ZJ3
T , was performed to differentiate the strains (Tables 1 and S1 , Fig. S3 ). Differential cultural characteristics included: good growth observed on ISP 3, ISP 4 and ISP 7 media for strain NEAU-BB2C19
T , in contrast to N. guangzhouensis NEAU-ZJ3 T where no growth was observed; NaCl tolerance of strain NEAU-BB2C19
T was up to 4 % (w/v), which is higher than that of N. guangzhouensis NEAU-ZJ3
T ; and strain NEAU-BB2C19 T could grow at 37 C while N. guangzhouensis NEAU-ZJ3 T could not. Other phenotypic differences are shown in Table 1 , including reduction of nitrate, peptonization of milk, liquefaction of gelatin, decomposition of cellulose, production of catalase, and utilization of D-fructose, maltose, raffinose, Dribose, D-sorbitol and L-threonine. In addition, other chemotaxonomic characteristics, such as the absence of phosphatidylmethylethanolamine in the polar lipid profile and the absence of MK-9(H 4 ) as a predominant menaquinone, could also be used to distinguish strain NEAU-BB2C19 T from N. guangzhouensis NEAU-ZJ3
T .
In conclusion, it is evident from the genotypic and phenotypic data that strain NEAU-BB2C19 T represents a novel species of the genus Nonomuraea, for which the name Nonomuraea glycinis sp. nov. is proposed.
DESCRIPTION OF NONOMURAEA GLYCINIS SP. NOV.
Nonomuraea glycinis (gly.ci¢nis. N.L. fem. gen. n. glycinis of Glycine max, the soybean).
Aerobic, Gram-stain-positive actinomycete that forms extensively branched substrate mycelium and aerial hyphae.
The colours of aerial mycelium and substrate mycelium on ISP 3 medium are white and vivid yellow, respectively. Spiral spore chains are composed of 14-16 non-motile spores (0.82Â1.00 µm) with a wrinkled surface that are borne directly on aerial mycelia. Sporangia are not detected. Good growth on ISP 2, ISP 3, ISP 4, ISP 5, ISP 7, NA and MBA media, and moderate growth on ISP 1, ISP 6 and CA media. Growth occurs at pH 7-9 (optimum pH 7-8), at 10-37 C (optimum 28 C) and in the presence to 0-4 % (w/v) NaCl. Positive for hydrolysis of aesculin and urea and decomposition of cellulose, but negative for hydrolysis of Tweens (20, 40 and 
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